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ABSTRACT
EVALUATING THE EFFICACY OF FOLIAR INSECTICIDE AND SOYBEAN SEED
TREATMENT IN SOUTH DAKOTA
COLE DIERKS
2019
The utilization of cover crops and no-till practices are important for the
conservation of both soil and moisture in South Dakota. However, it is unknown if these
practices impact the efficacy of insecticide seed treatments. In soybean, insecticide seed
treatments are used prophylactically to prevent potential crop losses from early season
insect pests. The prophylactic use of any management strategy increases the likelihood
for selection pressure and also represents unnecessary input costs. The purpose of the
research conducted for Chapter 2 was to determine the impact that tillage systems, cover
crops and planting populations have on the efficacy of insecticide seed treatments. Two
years of field data was collected from established long-term tillage and cover crop
rotation plots at the South Dakota State University Southeast Research Farm. During
each year, four factors were evaluated for their impact on yield (i.e., tillage, cover crop,
seeding rate and seed treatment). Stand counts, soil samples and yield data were taken
from each plot. In Chapter 3, we evaluated pyrethroid resistance in soybean aphid, Aphis
glycines Matsumura (Hemiptera: Aphididae) populations in South Dakota. In 2015, the
University of Minnesota discovered populations of the soybean aphid that were partially
resistant to pyrethroid insecticides. Due to the soybean aphid’s capacity for rapid
reproduction and its ability to travel long distances in its alate (i.e., winged) form, it was
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determined that South Dakota may have resistant populations present. In 2017 and 2018,
an efficacy study was deployed at three locations, over two years throughout Eastern
South Dakota. A total of eight foliar insecticides were used in 2017 and 10 foliar
insecticides in 2018. The results from chapter 2 indicate that seed treatment and cover
crops have no significant impact on soybean yield. The results from chapter 3 determined
that pyrethroid resistant soybean aphids are present in South Dakota.
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CHAPTER 1. LITERATURE REVIEW
Soybean History and Production
Soybean, Glycine max (L.) Merr., is a crop that is commonly grown in the U.S.
and is derived from wild soybean, Glycine soja Siebold & Zuccarini (Shurtleff and
Aoyagi, 2004). The wild type soybean is thought to have existed prior to 1000 B.C (Qiu
and Chang 2010). Although soybean were first brought to North America in 1765 by
Henry Yonge (Hymowitz 1990, Shurtleff and Aoyagi 2004), it was James Mease who
was credited by the USDA as the first person to have literature on soybean in the United
States (Hymowitz 1990). After the initial introduction, soybean expanded across North
America and rapidly became a very important crop in the United States (Hymowitz 1990,
Gibson and Benson 2005). For example, soybean acreage in the United States increased
from 23.5 to 33.6 million hectares between 1987 & 2016 (SoyStats 2016, NASS 2016,
NASS 2017).
With the increased importance of soybean, researchers developed a better
understanding of its biology. When scouting soybean for pests, the developmental stage
is often used to determine the risk associated with pest presence. During a growing
season, soybean are described as being either in vegetative or reproductive growth stages.
Within each of these broad stages soybean development can be further described by
specific growth stage events. When soybean initially emerge, they are described as being
at the VE growth stage. This indicates that the cotyledon is above the soil surface (Fehr et
al. 1971). The VE stage should occur within 5-21 days of planting (Pederson et al. 2004).
The VE stage is followed by the VC growth stage, which is when the unifoliate leaves are
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unrolled and not touching (Fehr et al. 1971, Fehr and Caviness 1977). The V1 stage of
soybean consists of one set of fully developed unifoliate leaves on the unifoliate node
(Fehr and Caviness 1977). After the V1 stage, the soybean plant enters the V2 stage. The
V2 stage occurs when the first trifoliate is unrolled. Following the V2 stage, the soybean
plant will continue to produce nodes. Vegetative stages increase until flowers appear on
the main stem. Each node that is added to the main stem increases the vegetative stage by
1. The growth stage is characterized by the number of developed trifoliate leaves at the
node V(n) going up the main stem (Fehr and Caviness 1977). Since soybean are a
photoperiod sensitive plant, they will not flower before June 21st. Once soybeans begin
to flower they begin their reproductive plant stages. Soybean reproductive stages begin
with the R1 stage (beginning bloom) and end with the R8 stage (full maturity) (Fehr et al.
1971). R1 stage is categorized by any open flower on the main stem of the soybean plant.
The R2 stage is characterized by an open flower on one of the uppermost nodes on the
soybean plant (Fehr and Caviness 1977). Furthermore, R3 through R8 stages are all
identified by formation of pods and seeds on the nodes present on the plant the plant. The
R3 growth stage indicates the beginning of pod formation. Pod size of .47 cm on one of
the top four nodes is considered R3. R4 requires the pod size to be 1.9 cm on the top four
nodes (Pedersen et al., 2004). R5 and R6 stages are determined by seed sizes within the
pods. Seed size of .31 cm is required to be categorized in the R5 stage. R6 is
characterized by seeds that fill the entire seed cavity (Fehr and Caviness 1977, Pedersen
et al. 2004). The last two reproductive stages are characterized by plant color. At R7,
leaves begin to drop off the plant and a brown pod is required on one of the 4 uppermost
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nodes. R8 is the last stage of the soybean plant, which is when plants are considered to be
fully mature (Pedersen et al. 2004).
Garner and Allard (1920) determined that flowering and reproductive stages of
some soybean varieties could only occur if the day length was within certain limits
(Hamner and Enright 1967). Today, photoperiodism and circadian rhythms are better
understood, and soybean maturity groups are planted in corresponding geographical
regions. Currently, 10 soybean maturity group zones are used in the United States.
Ranging from the earliest maturity zone of 000 to 10 which is the latest maturity group
zone (Boerma and Specht 2004). These zones are determined based on photoperiod and
temperature, which affect the timing of soybean senescence (Mourtzinis and Conley
2017). The maturity groups recommended for South Dakota vary within the state based
on latitude. The northern region of the state is best suited for maturity group 1 varieties.
The major soybean production areas of South Dakota are suited best for maturity group 2
varieties (Mourtzinis and Conley 2017).
Cover Crops
By definition a cover crop is, “A crop planted to prevent soil erosion and to
provide humus” (Merriam-Webster 2018). Many plant species can be used as cover
crops. Due to the loose definition and poor data collection, determining the total amount
of cover crops planted nationally and internationally is nearly impossible. Some
universities have conducted surveys that roughly estimate cover crop acreage. For
example, the respondents of a 2016 survey conducted in South Dakota reported that 31
percent of them incorporated cover crops on their farms (Kolady 2017).
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Cover crops in South Dakota include cool season broadleaves and grasses.
Broadleaf cover crops include rapeseed, common vetch, flax, radish, field pea and turnip.
Broadleaf cover crops are desired for their grazing qualities, winter hardiness and
positive effects on soil health (NRCS 2017). Grass cover crops include oats, cereal rye,
annual rye and pearl millet. Grass cover crops are often desired for their ability to
increase the water holding capacity of soil, increase organic matter and provide grazing
forage (NRCS 2017).
In the last decade, the incorporation of cover crops has dramatically increased.
Recently, cover crops have been shown to increase soil health, organic matter, nitrogen
holding capacity and water holding capacity. For instance, cover crops have the ability to
stabilize fertilizer that would otherwise be lost due to leaching (Wyland et al. 1996).
Moore et al. (2014) found that within a corn and soybean rotation, a rye cover crop
benefited the soil quality on multiple ways. A rye cover crop produced more soil organic
matter, particulate organic matter and 38 percent more potentially mineralizable nitrogen
in the soil compared to no rye treatment (Moore et al. 2014).
De Bruin et al. (2005) reported that soybean fields following a rye cover crop had
similar yields compared to soybean fields with no rye. The use of a winter rye cover crop
has the ability to increase water holding capacity in a field (De Bruin et al. 2005). Basche
et al. (2016) found that winter rye increased the available water by 21 percent when
compared to no cover crop. The increase in plant available water could potentially allow
crops to survive during drought conditions (Basche et al. 2016).
Cover crops may also affect the diversity of both pest and beneficial insects.
Dunbar et al. (2016) found that early season lepidopteran pests are attracted to fields with
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rye cover crops (Dunbar et al. 2016). Smith and Stinner (1988) determined that green
cloverworm populations were higher in fields that had a rye cover crop prior to planting
(Smith and Stinner 1988). Conversely, cover crops have also been found to increase
natural enemies of pests, which ultimately decreases pest populations during the
following season (Smith and Stinner 1988, Koch et al. 2012, NRCS 2017).
Tillage
Tillage methods have evolved over the last few decades. As the benefits of no-till
have been observed. In 2004, NRCS in South Dakota reported that no-till was used on 37
percent of cropland and reduced tillage was used on 24 percent. In 2017, 45 percent of
South Dakota cropland was no-tilled and reduced tillage was used on 17 percent (NRCS
2017).
Biota in crop fields are directly and indirectly affected by farming practices. Most
organisms within a cultivated crop field interact with one another. A commonly debated
topic is whether no-till or conventional tillage are better for the soil biome. No-till has
made headway in recent years but still represented a small portion (21%) of all United
States cultivated crop land in 2017 (USDA 2017). Multiple studies have shown that
organisms interact with one another and tillage could affect the entire biota present in the
soil (Wardle et al. 1995, Kladivko et al. 2001, Wardle et al. 2004). Other studies have
documented the advantages of no-tillage systems in relationship to soil health, available
water and erosion minimization (Philips et al. 1980, House et al. 1985, Hendrix et al.
1986, Six et al. 1999). While soil health benefits are well documented, no-till practices
don’t necessarily produce higher yields (Griffith 1988, Hussain et al. 1999). No-till
systems tend to favor organism biodiversity and long-term soil health (Kladivko et al.
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2001). Tillage has negative impacts on the larvae and adults of ground beetles
(Coleoptera: Carabidae), which are generally found near the soil surface (Wardle et al.
1995, Kladivko et al. 2001). It is thought that the disturbance associated with tillage and
the reduction of debris on the soil surface may be the cause of the reduction (Wardle et al.
1995, Kladivko et al. 2001). However, soil disturbance and the reduction of residue on
the soil surface used in conventional tillage may have an advantage over no-till systems
in regard to spring soil temperatures (Hussain et al. 1999). Colder soil temperatures could
delay the date of planting or affect how fast the plants grow within a no-till system.
Early season insect pests of soybean
In soybean, there are several insect pests that have the potential to cause yield
loss. The majority of these pests attack the aboveground foliage of the plant. However,
there is also concern for belowground herbivory early in the growing season. A common
aboveground pest is the bean leaf beetle, Cerotoma trifurcata Forster
(Coleoptera:Chrysomelidae), which defoliates soybean. The overwintering adult
population of bean leaf beetles emerge in the spring and begin feeding on the cotyledons
and young leaves of soybean (Hesler et al. 2018). Early season defoliation by bean leaf
beetles can reduce soybean yield by up to 12 percent (Hunt et al. 1994, Hesler et al.
2018).
Seedcorn maggots, Delia platura Meigen (Diptera: Anthomyiidae) are another
early season pest of soybean in the Midwest due to their activity at lower temperatures
(Hammond 1984). Adult seed corn maggots become active when temperatures reach 7°C,
which is why they can be a serious early season pest due to slow soybean growth at these
temperatures (Higley and Hammond 1994, Hesler et al. 2018).
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Wireworms, Conoderus rudis Brown (Coleoptera: Elateridae) and white grubs,
Phyllophaga spp. (Coleoptera: Scarabaeidae), don’t often cause economic damage to
early season soybean. They have the potential to cause economic damage when corn or
soybeans are planted after a perennial grass, conservation reserve program (CRP) or
pasture (Pope 1998).
Seed Treatment
On October 15th 2014, the Environmental Protection Agency (EPA) stated that
“neonicotinoid seed treatments likely provides $0 in benefits to growers”. In the same
report, the EPA also stated that insecticide seed treatments are only active in the field for
3-4 weeks after planting, which prevents the treatments from overlapping with any
targeted soybean pests (EPA, 2014).
Hurley and Mitchell (2016) surveyed 500 soybean growers in 2013 and found and
determined that the use of insecticide seed treatments result in an average yield increase
of 128 kg/ha resulting in an increase of US $42/hectare (Hurley and Mitchell 2016). The
adoption of insecticide seed treatments has steadily increased since their release (Douglas
and Tooker 2015). However, there is a lack of constant and consistent yield responses
observed with the use of seed treatment (Bradley 2008, Glogoza 2012). According to a
University of Minnesota study, 15 of 28 fungicide seed treatments out yielded untreated
checks (Glogoza 2012). Studies have shown that fungicide and insecticide seed
treatments perform best in cool temperatures, wet soil or when precipitation occurs
during cold periods before soybean emergence (Bradley 2008, Glogoza 2012, Robertson
and Mueller 2012). Current management recommendations for the use of insecticide seed
treatment in soybean are vague. There are currently three recommendations for the use of
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insecticide seed treatments that are used in fields 1) that were recently converted to
soybean from grassland, CRP or pasture, 2) recently incorporated with manure, cover
crops or weeds, and 3) where a double crop of soybean or food quality soybean is being
grown (Bailey et al. 2015).
The neonicotinoid class of insecticides currently encompasses all of the
commercially available insecticide seed treatment active ingredients (Varenhorst et al.
2019). Neonicotinoids are effective as seed treatments due to their systemic nature, which
allows them to protect both the root tissue as well as the foliage (Stamm et al. 2016). It is
estimated that the efficacy of insecticide seed treatments is reduced to negligible amounts
20-40 days after planting or around growth stage V3 (Bailey et al. 2015). The three main
neonicotinoid active ingredients in insecticide seed treatments are thiamethoxam,
clothianidin and imidicloprid (Varenhorst et al. 2019). On January 12th 2017, EPA
published a risk assessment report, which estimated that 5.2 million to 13 million
hectares of soybean are treated with thiamethoxam and 800 thousand hectares with
clothianidin in the United States (EPA 2017, Unglesbee 2017). However, imidacloprid
was not evaluated.
Soybean Aphid
The soybean aphid, Aphis glycines Matsumura, (Hemiptera: Aphididae) was first
observed in Wisconsin in 2000 (Alleman et al. 2001). Soybean aphids have been found in
23 states and three Canadian provinces in North America (Ragsdale et al. 2011). Soybean
aphids undergo a heterecious holocyclic life cycle. This means that soybean aphids utilize
two unrelated hosts and have a sexual reproduction phase during their life cycle. Soybean
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aphids overwinter on buckthorn, Rhamnus spp (Ragsdale et al. 2011). After reproducing
several times; alate females will be produced and they will move onto their secondary
host plant, which is soybean. The alate females will undergo asexual reproduction to
colonize soybean, and asexual reproduction will continue throughout the soybean
growing season (Ragsdale et al. 2004, Ragsdale et al. 2011). In laboratory conditions,
soybean aphid populations can double every 1.5d (McCornack et al. 2004). However,
doubling time in a field setting is on average 6.8 ± .08 d (Ragsdale et al. 2007). When
soybean plants begin senescing soybean aphids produce alates that seek out buckthorn.
When they arrive male and female soybean aphids are present. They mate and the
females will lay eggs on the buds of the buckthorn (Ragsdale et al. 2011). The current
economic threshold for soybean aphids is 273 ± 38 aphids per plant on 80 percent of
plants; however, the previously established threshold of 250 aphids per plant on 80
percent of plants is used (Ragsdale et al. 2007). Due to the reproductive capacity of the
soybean aphid the economic threshold provides a 7d lead time. The boundary damage for
soybean aphids is estimated at 485 aphids per plant. The damage boundary indicates the
point when aphids cause noticeable yield reduction (Tilmon 2014). The economic injury
level is 674 ± 95 aphids per plant (Ragsdale et al. 2007). In addition to injury from direct
feeding, soybean aphids also pose a threat as potential vectors of Soybean mosaic virus
and Bean yellow mosaic virus (Wang et al. 2006).
Pyrethroid Resistant Soybean Aphids
Bifenthrin and lambda-cyhalothrin are both pyrethroid class insecticides that are
routinely used to manage soybean aphid populations (Olson et al. 2008). Hanson et al.
(2017) evaluated the susceptibility of Minnesota soybean aphid populations to bifenthrin
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and lambda-cyhalothrin using a glass vial assay. They determined that the efficacy for the
two pyrethroids active ingredients was reduced when compared to the control population
(i.e., laboratory population with limited to no insecticide exposure). During this
experiment they observed a soybean aphid population that was 39-fold more resistant
than the control population (Hanson et al. 2017). Additional reports of pyrethroid
resistant soybean aphid populations have since been documented in Iowa, South Dakota,
North Dakota and Manitoba (Koch et al. 2018). A combination of influences could be
attributed with the development pyrethroid resistant soybean aphids. The overuse of a
chemical compound such as a pyrethroid, may contribute to the resistance. For example,
the occurrence of foliar insecticide applications increased by 130-fold from 2000-2006
(Ragsdale et al. 2011). Insecticides that target the nerve and muscles of the insects (e.g.,
neonicotinoids, carbamates, organophosphates and pyrethroids) account for 85 percent of
total insecticide sales (Sparks and Nauen 2015). Although there are numerous biological
control agents present during soybean aphid infestations the reduction in populations due
to these organisms is typically below 7 percent (Nielsen et al. 2005). Koch et al. (2018)
suggest that the main factors that led to pyrethroid resistant soybean aphid populations
are 1) repeated use of a single mode of action, 2) prophylactic treatments, and 3) low rate
applications.
Pyrethroid Insecticides
Pyrethroids are synthetic versions of natural pyrethrins, but they have a higher toxicity
and improved efficacy when compared to their natural counterparts (Gajendiran and
Abraham 2018). Pyrethroids are separated into two categories, Class I and Class II.
Bifenthrin is included in Class I, while cyhalothrin is included in Class II (Gajendiran and
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Abraham 2018). Pyrethroids have been commonly used to control many insect orders and
are valued for their relatively low toxicity to humans. Pyrethroid class insecticides are
valued for their low cost and low application rate. In 2013, pyrethroid sales totaled US
$2,777 million (Sparks and Nauen 2015). The only insecticide group with a higher
market value was neonicotinoids at US $4,650 million (Sparks and Nauen 2015).
Insecticide Resistance Management
Insecticide resistance has been observed since the early 1900’s. Melander (1914)
documented insecticide resistance in a scale insect (Melander 1914). The development of
synthetic insecticides led to the use of the same product or class year after year, which
eventually caused insect resistance. By 1999, there were 533 insect species that were
resistant to one or more insecticides (Mota-Sanchez et al. 2002). By 2014, there were 586
insect species that were resistant to one or more insecticides (Sparks and Nauen 2015).
The house fly, Musca domestica Linnaeus (Diptera: Muscidae) was the first insect
documented to show resistance to DDT chemicals. The DDT resistant house flies
developed resistance to organophosphates quicker than susceptible flies (Mengle and
Casida 1960). This ability to develop resistance faster is known as cross-resistance.
Insecticide resistance management practices attempt to slow or stop insect
resistance. One recommendation for insecticide resistance management is to make
alternatives to chemical insecticide more competitive. Alternating control methods would
diversify the options for pest management and limit excessive insecticide use (National
Research Council 2000). Resistance management attempts to slow insect adaptation to
insecticides and plant resistance. Integrated pest management aims to employ the
optimum management techniques to keep pest populations below economic threshold,
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while limiting economic and ecological damage (Mcgaughey and Whalon 1992). These
management techniques include host plant resistance, crop rotation, biological control,
chemical control and cultural practices (Sparks and Nauen 2015). Pilcher (2001)
attempted to combine the main techniques of integrated pest management into one model
and found fourteen different strategies that fit into most integrated pest management
systems. Of those fourteen strategies, economic thresholds, field scouting, pest reports
and application alternatives were listed as the most important themes of integrated pest
management (Pilcher 2001).
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CHAPTER 2.
DEVELOPING SOYBEAN SEED TREATMENT RECOMMENDATIONS IN
SOUTH DAKOTA

Cole Dierks, Brady Hauswedell, Philip A. Rozeboom and Adam J. Varenhorst

Agronomy, Horticulture and Plant Science Department, South Dakota State University

Abstract
Approximately 45 percent of South Dakota cropland is managed in a no-till
system. Furthermore, cover crops are planted on approximately 32 percent of South
Dakota cropland, which includes both tilled and no-till systems. There is limited
information available regarding the impact of tillage and cover crops on the efficacy of
insecticide seed treatments. Furthermore, it is uncommon that a single study evaluates the
impact of multiple factors on insecticide seed treatments. Due to the amount of South
Dakota cropland that is managed using no-till and planted to cover crops, this study
sought to evaluate the impact of these factors on insecticide seed treatments. For this
experiment, we used a factorial design with four main factors that included tillage, cover
crops, seeding rate and seed treatment. The experiment was conducted at the South
Dakota State University Southeast Research Farm in research plots that are organized as
tilled or no-tilled with no cover crop or rye cover crop. The no-till plots have been
established for 30 years. The seeding rates were 148,200, 247,000, 345,800 and 444,600
seeds per hectare. The treatments were an untreated control, fungicide treated seed and
fungicide+insecticide treated seed. The results of this study indicate that no-till soybean
consistently yield higher than soybean produced in a tilled environment. It also indicated
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that cover crops do not significantly impact yield. Seeding rates and seed treatments had
variable responses on yield. The overall results suggest that there is no direct impact of
tillage and cover crop practices on the efficacy of insecticide seed treatments.
Introduction
On October 15th, 2014, the United States Environmental Protection Agency (EPA)
published a report that stated, “neonicotinoid seed treatments likely provides $0 in
benefits to growers” (EPA 2014). The basis for this statement was a combined analysis of
numerous insecticide seed treatment studies conducted throughout the Midwestern
United States. However, an independent firm AgInformatics LLC, reviewed the same
data set and concluded that insecticide seed treatments provide a 2.8 percent yield benefit
to soybean producers (Mitchell 2014). Hurley and Mitchell (2016) determined through a
survey of 500 farmers that insecticide seed treatments provide an average yield increase
of 128 kg/ha providing a of $42/ha advantage when compared to untreated soybean seed.
The literature shows that insecticide seed treatments are effective for three to four weeks
after planting. The general belief is that this efficacy window doesn’t allow the treatments
to target major soybean pests (Seagraves and Lundgren 2012; EPA, 2014). Furthermore,
during independent studies the impact of seed treatments on yield is often mixed (Bradley
2008, Esker et al. 2012, Rossman et al. 2018).
Many abiotic factors may affect the efficacy of insecticide seed treatments (e.g.,
soil properties, precipitation, and temperature). It is estimated that seed treatments
dissipate after 20-40 days or around the V3 growth stage (Fehr and Caviness 1977,
Bailey et al. 2015). There are three neonicotinoid class active ingredients used in
insecticide seed treatments (i.e., thiamethoxam, clothianidin and imidacloprid). Although
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neonicotinoid seed treatments are desired for their systemic action (i.e., ability to protect
roots and foliage), there are also concerns regarding their impacts on pollinators (Krupke
et al. 2012, Whitehorn et al. 2012, Krupke and Long 2015). The systemic nature of
neonicotinoids provides control of above and belowground insect pests. However, if
abiotic factors are limiting the efficacy, these benefits associated with these products may
be overestimated.
It is estimated that out of a total 35.6 million hectares of soybean, 5.2 million to
8.5 million hectares of planted soybean are treated with thiamethoxam and 800 thousand
hectares treated with clothianidin (EPA 2017, Unglesbee 2017). Imidacloprid usage was
not evaluated, which makes it challenging to estimate total neonicotinoid use in soybean.
Although insecticide seed treatments are used on a large amount of soybean hectares,
there are relatively few recommendations available for their use. The current
recommendations are that insecticide seed treatment use should be considered for
soybean fields that: 1) are recently converted to soybean from grassland, CRP or pasture,
2) have recently incorporated manure, cover crops or weeds (i.e., green manure), or 3)
will consist of a double crop of soybean or food grade soybean (Bailey et al., 2015).
However, these recommendations don’t explain what insect pests are being targeted in
these situations, and also do not address extended crop rotations.
The rapid adoption of insecticide seed treatment usage can be attributed to many
factors. First, yield advantages have been observed when soybean seed is planted earlier
(DeBruin and Pedersen 2008, Egli and Cornelius 2009, Hu and Wiatrak 2012). Due to
earlier planting dates, soybean seeds and seedlings can be compromised by colder soil
and air temperatures, and plant diseases (Serrano 2017). The neonicotinoid seed
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treatment products are labeled for the management of seed corn beetles (Coleoptera:
Carabidae), and bean leaf beetles (Coleoptera: Chrysomelidae), wireworms (Coleoptera:
Elateridae), white grubs (Coleoptera: Scarabaeidea), seedcorn maggots (Diptera:
Anthomyiidae) and colaspis beetles (Coleoptera: Chrysomelidae). Many of these insects’
life cycles align with germinating soybean seeds. Insecticide seed treatment use is
considered prophylactic due to the difficulty of predicting when these insect pests will
actually threaten early season growth (Papiernik et al. 2018). In the same manner,
fungicide seed treatments are often used as a preventative measure to protect against
early season diseases. Most soybean fungicide seed treatments protect against
Rhizoctonia, Fusarium, and Pythium which can cause damping-off and seed rot. Bradley
(2008) found a partial benefit to using a fungicide seed treatment, however, benefits
mainly occurred in wet and cool environments (Bradley 2008).
One factor that may influence the efficacy of insecticide seed treatments is the use
of cover crops. Cover crop usage has become more common throughout the Midwest
(Drewnoski et al. 2015, Kolady 2017, Juchems 2018). A survey done by South Dakota
State University reported 31.3 percent of respondents in South Dakota used cover crops
in 2016 (Kolady 2017). There are multiple reasons for the increased use of cover crops.
Government programs offered by the Natural Resources Conservation Service (NRCS)
such as Conservation Stewardship Program (CSP) and Environmental Quality Incentives
Program (EQIP) provide incentives to farmers to incorporate cover crops on their farms.
In addition, multiple studies have shown the benefits of incorporating cover crops into a
farming operation. Kasper et al. (2001) evaluated the effects of a rye cover crop on water
infiltration. Although the study had mixed results, two out of three years the rye cover

27

crop displayed positive effects on both erosion and infiltration (Kasper et al., 2001).
Cover crops also have the ability to hold fertilizer and water, making it available for the
next growing season (Wyland et al. 1996). However, Dunbar (2016) found that a rye
cover crop increased true armyworm populations, which resulted in decreased stand
counts due to defoliation (Dunbar et al. 2016).
Another factor that may influence the efficacy of seed treatments impact is the
tillage system. In 2004, no-tillage was used on 37 percent of cropland in South Dakota.
By 2017, no-till adoption increased to 45 percent of all cropland in South Dakota (USDA,
2017). There have been many documented advantages associated with the use of no-till
cropping systems including decreased soil erosion, a healthier biota and rich biodiversity
within the soil profile; however, these benefits are generally observed after a period of
establishment (Philips et al. 1980, Dick, W. A. 1983, House et al. 1985, Hendrix et al.
1986, Karlen et al. 1994, Aase et al. 1995, Peterson et al. 1998, Six et al. 1999).
However, House and Stinner (1983) found an increase in insects and insect biodiversity
when they compared no-till to conventional tillage, which may indicate an increase in
pest insect populations.
Although numerous studies have focused on how tillage, cover crops, seed
treatments and seeding rates affect soybean yield, they often only evaluate one or two of
these factors at a time (Eckert 1988, Ruffo et al. 2004, Cox and Cherney 2011, Vosberg
et al. 2017, Rossman et al. 2018). With nearly half of South Dakota cropland no-tilled,
and 31 percent including cover crops, it is important to see if these factors interact to
influence the efficacy of insecticide seed treatments. Furthermore, the contradicting
evidence regarding the economic value of insecticide seed treatments in soybean and
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limited management recommendations make it difficult to provide confident
recommendations to soybean producers and stakeholders. The objective of this study was
to evaluate the impact of tillage practices, cover crops and seeding rates on the efficacy of
soybean seed treatments.
Materials and Methods
Study Location
This study was conducted during 2017 and 2018 at the South Dakota State
University Southeast Research Farm near Beresford, SD. The conventional tilled and notilled plots that were used for this experiment have been established for more than 30
years. Based on the age of the no-till plots, we are confident that any effects that were
observed were not artifacts associated with the processes associated with establishing a
no-till system. Soybean with a maturity group 1.7 were used for this study. Soybean plots
were 3.05 m by 6.1 m in size and were planted in 2017 using an Almaco four row cone
planter and in 2018 using an Almaco four row SeedPro Precision planter (Almaco Inc.
Nevada, IA) with 76.2 cm row spacing. The planting date was determined each year by
the conditions of the soil and appropriate weather conditions. In 2017, soybean were
planted on 16 May and in 2018, on 29 May. During both years, soybean were planted
into corn residue. There was no fertilizer applied to the soybean plots during either year.
In both 2017 and 2018, the soybean plots had a mixture of pre-plant herbicides applied,
which were Roundup Powermax II (48.8 percent glyphosate) (Monsanto., St. Louis, MO)
applied at 2,336 mL/ha, Dual II Magnum (83.7 percent metolachlor) (Syngenta Crop
Protection, Inc., Greensboro, NC) with an application rate of 1,556 mL/ha and
metribuzen (41 percent metribuzin) (Loveland Products Inc., Loveland, CO) applied at
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291 mL/ha. A post emergence application of herbicide was also applied with the
following rates Flexstar GT (5.88 percent fomesafen, 22.40 percent glyphosate)
(Syngenta Crop Protection, Inc., Greensboro, NC) applied at a rate of 728 mL/ha;
FirstRate (84 percent cloransulam-methyl) (Dow Chemical Company., Midland, MI)
applied at a rate of 21.73 mL/ha.
Experimental Design
The alternative hypothesis of this study was that seed treatments would increase
yields when they were incorporated into a no-till and cover crop setting. For this study,
there was a total of 24 treatments that consisted of four factors. The factors included
tillage, cover crop, seeding rate and seed treatment. Each factor combination was
replicated using a randomized complete block design with six replications.
The first factor was tillage regime, which included conventional tillage and notill. Each tillage plot consisted of a 50 percent rye cover crop and 50 percent no cover
crop. For each tillage by cover crop combination four seeding rates (i.e., 148,200,
247,000, 345,800, and 444,600 seeds per hectare) were used. For each tillage by cover
crop by seeding rate combination three seed treatments were used that included: untreated
control, fungicide only (prothioconazole, penflufen, and metalaxyl [EverGol Energy SB,
0.019 mg a.i./seed; Bayer CropScience, Research Park Triangle, NC], and a
fungicide+insecticide combination (EverGol Energy SB, and Gaucho 600) [clothianidin,
0.11 mg a.i./seed, Bayer CropScience]. For this manuscript, the fungicide+insecticide
treatment will be referred to as the combo treatment.
Stand Counts
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Stand counts were conducted throughout the early growing season to assess the
germination and emergence of the plants. The stand counts were determined by
measuring 3.05m in the middle two rows of each plot. The total number of plants in each
3.05m section of the plot from the middle two rows were counted. Stand counts occurred
at emergence (VE). The mean stand per plot was calculated and the values were
converted to plants per hectare.
Soil Sampling and Disease Assessment
To evaluate belowground insect pest populations, soil samples were collected at
the same time points as stand counts. Soil samples were collected from random locations
within the outer two rows of the untreated control and combination treatment plots. Once
soil was collected, it was placed in Berlese-Tullgren funnels and left for 24 hours
(Macfadyen 1961). Insects were collected in vials filled with 70 percent ethanol and
stored until they were identified and counted. To determine the presence of seedling
disease we dug two sets of five plants from the outer two rows each plot at fourteen days
after emergence. The roots were evaluated for lesions and damaged root percentage was
recorded. Pathogens were taken and isolated from soybean roots. Plants were selected
from each plot and plated into a potato dextrose media. The stem was cut and dipped into
a distilled water + bleach solution (10 percent). After 45 seconds, the stem was
transferred into a 70 percent ethanol solution for another 45 seconds. Lastly, stems were
placed in another distilled water solution for 45 seconds. After the three solutions, the
stem water was plated and sealed to prevent contamination. After two weeks of growth
diseases were identified.
Yield
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The middle two rows of each plot were harvested using a Kincaid 8-XP small plot
combine (Kincaid Equipment Manufacturing., Haven KS). The combine had a weight
bucket for grain weight and sensors for moisture. The weight box and monitor were
recalibrated at each harvest location. A known weight was put into weight bucket before
harvesting to ensure accuracy. Yields were corrected to 13.5% moisture.
Statistical Analysis
To test our hypotheses regarding the impact of tillage regime, cover crops,
seeding rates on the efficacy of seed treatments we analyzed stand count, disease
severity, belowground insect populations and yield data. Stand count and yield data were
analyzed using PROC MIXED procedure with SAS software version 9.4 (SAS Institute,
Cary, NC). Data were analyzed using an analysis of variance (ANOVA) with the fixed
effects tillage, cover crops, and seeding rate and the random effect block. All two- and
three-way interactions among fixed effects were evaluated. Significant treatment effects
were separated using F-protected least-squares means test with a significance level of P <
0.05. Root disease severity was collected on a disease severity scale of 0-100 percent and
was not normally distributed. Ratings were converted to a disease index, then the disease
rating analysis was completed in PROC MIXED (SAS Institute, Cary, NC). Root disease
severity was analyzed by year, seeding rate, cover crop, and seed treatment.
Results
Stand Counts
Stand counts for 2017 are summarized in Table 1. During 2017, no-till plots had a
significantly higher stand when compared to conventional till plots (F = 26.13; df=1,
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332; P < 0.0001). However, cover crops did not affect stand counts. As expected, seeding
rates significantly affected stand counts. Observed significantly greater stand counts for
the combination and fungicide treatment in the conventional till with rye cover crops
plots at both the 345,800 (t = 2.34; df=2, 14; P < 0.0373) and 444,600 (t = 2.43; df=2,
14; P < 0.0221) seeds/ha seeding rates when compared to the untreated control (Table 1).
For the no-till with cover crop plots we observed that the untreated control had
significantly higher stand counts than the combination treatment at the 247,000 seeds/ha
seeding rate (t = 2.08; df=2, 79; P < 0.0405) (Table 1). No other significant differences
were observed among the seed treatments for other seeding rates.
Stand counts for 2018 are summarized in Table 2. The combination treatment had
significantly greater stands than the untreated control (t = 2.68; df=2, 14; P < 0.0180) in
the no-till no rye plots at 345,800 seeds/ha. The untreated control (t = 2.74; df=2, 14; P <
0.0158) had significantly greater stands than the fungicide treatment in the no-till rye
plots at 444,600 seeds/ha (Table 2). No other differences in stand counts were observed
among treatments at the different seeding rates.
Root Disease 2017+2018
In 2017, our results indicate that tillage, cover crops and seed treatment all had
significant effects on root disease severity. Conventional tillage plots had significantly
greater root disease severity than no-till plots (t=3.30; df=1, 367; P<0.0011). When
disease severity was measured by tillage treatment*cover crops, we found no differences
in actual plant population. However, there were significant differences of diseases
severity between seed treatments. Conventional tillage+cover crop indicated that the
untreated soybean seed had significantly greater root disease severity than the
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insecticide+fungicide seed treatment (t=2.82; df=2, 84; P<0.0059). Fungicide seed
treatment had significantly greater disease severity than the insecticide+fungicide seed
treatment (t=2.18; df=2, 84; P<0.0322). The untreated seed treatment and the fungicide
seed treatment showed no significant differences in root disease severity. The
conventional tillage+no rye showed no significant differences in disease severity.
The no-till+no rye cover crop indicated significant differences in disease severity
between seed treatments. The untreated seed exhibited significantly greater root disease
severity compared to the insecticide+fungicide seed treatment (t=3.00; df=2, 86;
P<0.0035). The fungicide only seed treatment displayed significantly greater root disease
severity than the insecticide+fungicide treatment (t=2.28; df=2, 86; P<0.0252). The
untreated seed showed no significant differences in root disease compared to the
fungicide seed treatment. The no-till+rye cover crop plots also indicated significant
differences in disease severity between seed treatments. The untreated soybean seed
displayed significantly greater root disease severity compared to the
insecticide+fungicide seed treatment (t=2.96; df=2, 85; P<0.0040). The fungicide
treatment and untreated seed showed no differences in disease severity. Furthermore, the
fungicide and insecticide+fungicide seed treatments showed no differences in disease
severity.
In 2018, root disease severity was significantly affected by tillage, cover crops
and seeding rate. When we compared tillage regimes, we found that no-till had
significantly greater root disease severity than the conventional tillage plots (t=3.46;
df=1, 375; P<0.0006). In the conventional tillage plots, we found that no rye cover crop
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had a significantly greater root disease severity than the rye cover crop (t=2.14; df=1,
183; P<0.0334).
The no-till+no rye cover crop displayed significant differences in disease severity
between seeding rates. The lowest seeding rate of 148,200 seeds/ha showed significantly
greater root disease severity than the 247,000 seeds/ha seeding rate (t=2.00; df=3, 85;
P<0.0491). The no-till+rye cover crop also indicated significant differences in root
disease severity between seeding rates. The seeding rate of 247,000 seeds/ha displayed
significantly greater disease severity than the 345,800 seeds/ha seeding rate (t=2.24;
df=3, 85; P<0.0277).
Conventional tillage plots also displayed significant differences in disease
severity between seeding rates. Tillage+rye cover crop indicated two significantly
different seeding rates when comparing root disease severity. The highest seeding rate of
444,600 seeds/ha showed significantly greater root disease severity compared to the
lowest seeding rate of 148,200 seeds/ha (t=2.75; df=3, 85; P<0.0073). The 444,600
seeds/ha also had significantly greater disease severity compared to the 345,800 seeds/ha
seeding rate (t=2.24; df=3, 85; P<0.0275).
Insect Pressure 2017+2018
During 2017 we identified 6,487 organisms from soil samples versus 1,509 in
2018 (Table 7). However, the majority of the observed organisms were identified as
detritivores. In 2017, there were no significant differences in insect pest populations in
any of the treatments. However, there were noticeable numerical differences in seedcorn
beetle, Stenolophus spp., (Coleoptera: Carabidae) in both the cover crop and seed
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treatment comparisons. The no cover crop plots had 28.3 percent more seedcorn beetles
than the rye cover crop. The untreated plots had 24.2 percent more seedcorn beetles than
the insecticide+fungicide plots. In 2018, we saw no significant differences in insect
populations among any of the factors.
Yield
The alternative hypothesis was that tillage, cover crops and seeding rates would
have an impact on the efficacy of seed treatments when evaluating yields. We further
hypothesized that fungicide and the combination treatment would have significantly
greater yields than the untreated control. To test these hypotheses, we first the analyzed
the data by year and determined that yield was significantly greater in 2018 (F=456.90;
df=1, 732; P<0.0001). Therefore, we analyzed the data by year. We next determined that
no-till plots yielded significantly more than tilled plots in 2017 (F=22.37; df=1, 351;
P<0.0001) and 2018. For 2018, no-till practices had significantly higher yield when
compared to conventional tillage (t = 3.52; df = 1, 372; P < 0.0005). However, cover crop
did not significantly affect yield so rye and no-rye data were combined.
It was next determined that seeding rate did affect yield in both 2017 (t=443.13;
df= 1, 704; P<0.0001) and 2018 (t=491.34; df= 1, 704; P<0.0001). For the conventional
tillage plots in 2017, the 444,600 seeds/ha seeding rate yielded significantly better than
both the 247,000 (t=3.73; df= 3, 158; P<0.0003) and 148,200 seeds/ha (t=5.11; df= 3,
158; P<0.0001) seeding rate (Table 3). The 345,800 seeds/ha seeding rate also had
significantly greater yield than both the 247,000 (t=2.38; df= 3, 158; P<0.0186) and
148,200 (t=3.75; df= 3, 158; P<0.0003) seeds/ha seeding rate (Table 3). For the no-tilled
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plots in 2017, the 444,600 seeds/ha (t=5.28; df= 3, 158; P<0.0001) and 345,800 seeds/ha
(t=4.10; df= 3, 158; P<0.0001) seeding rates yielded significantly better than the 148,200
seeds/ha seeding rate (Table 3).
Results in 2018 were similar to 2017. For the conventional tilled plots, the
444,600 seeds/ha (t=3.12; df= 3, 179; P<0.0021) (Table 4), and the 345,800 seeds/ha
seeding rate had significantly greater yield than the 148,200 seeds/ha seeding rate
(t=2.91; df= 3, 179; P<0.0041) (Table 4). For the no-tilled plots, the 444,600 seeds/ha
(t=3.71; df= 3, 180; P<0.0003) and 345,800 seeds/ha (t=2.48; df= 3, 180; P<0.0139)
seeding rates yielded significantly better than the 148,200 seeds/ha seeding rate (Table 4).
Lastly, the 444,600 seeds/ha seeding rate had significantly greater yield than the 247,000
seeds/ha seeding rate (t=2.78; df= 3, 180; P<0.0060) (Table 4).
Discussion
The results of this study indicate that year, tillage and seeding rate all affect stand
counts, root disease severity and yield in South Dakota. Furthermore, this study suggests
that belowground insect pests in soybean are sporadic as they were not observed in
abundance during either year of this study. However, aboveground defoliators were
observed during 2017, which may indicate that insecticide seed treatments in South
Dakota soybean may provide some suppression of early season defoliation. However,
there was limited evidence observed that insecticide seed treatments provided yield
benefits when compared to an untreated control (Table 3 and Table 4).
There were sporadic differences among treatments for seeding rates. In 2017, the
combination treatment had significantly higher stands counts than the untreated control in
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plots with conventional tillage and rye cover crop at the 345,800 seeds/ha and also the
444,600 seeds/ha seeding rates (Table 1). However, the untreated control had
significantly greater stand than the combination treatment in plots with no-till and a rye
cover crop at the 247,000 seeds/ha seeding rate (Table 1). In 2018, the combination and
untreated control both had significantly higher stand counts than the fungicide treatment
in the no-till with rye plots at the 444,600 seeds/ha seeding rate (Table 2). These results
suggest a trend where higher seeding rates may have increased stand with the inclusion of
a combination treatment. However, the additional input costs associated with this
treatment would nullify any realized benefits. Findings are consistent with other studies
from the Midwest that show lower seeding rates can be profitable (De Bruin and
Pedersen 2008, Cox and Cherney 2011, Gaspar et al. 2015).
There were recorded significant differences in root disease severity. In 2017,
conventional tillage displayed higher root disease severity than the no-till plots. Both
tillage systems had a difference in disease severity between seed treatments. In the
conventional tillage+rye the combination seed treatment has significantly less root
disease severity than the fungicide only treatment and untreated seed. In the no-till+no
rye the insecticide+fungicide seed treatment had significantly less root disease severity
than both fungicide only treatment and the untreated seed. Lastly, in the no-till+rye,
insecticide+fungicide exhibited significantly less disease severity than the untreated seed.
In 2017, the combination treatment seemed to perform better than both untreated and
fungicide treatments. Significant and numerical differences for 2017 are shown in Table
5. The combination treatment having lower root disease severity may suggest an
interaction between belowground insect feeding and disease on early season soybean
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plants. This would align with Willsey et al. (2017) who suggests that there is an
association between root feeding insects and disease (Willsey et al. 2017). Root disease
severity ratings in 2018 indicated a higher disease rating in both tillage and cover crops.
No-till exhibited significantly greater root disease severity than the conventional tillage.
The no cover crop also indicated significantly less root disease than the cover crop plots
under the conventional tillage system.
Although defoliation of soybean was observed, very little of it occurred early in
the season. The majority of the defoliation occurred later in the growing season, beyond
the point when seed treatments are still efficacious. Observed late season defoliation was
primarily due to grasshoppers. Although herbivores can reduce soybean yields by three to
seven percent there were no statistical differences in yield among treatments (Rice 1999).
However, we did observe large populations of seedcorn beetle, but this insect is not
usually a pest of soybean (Kogan 1988). The differences observed between the insect
populations sampled in the combination treatment and untreated control suggest that
some insect population suppression may have occurred due to the insecticide component
of the combination treatment. For example, the combination treatment had 24.2 percent
less seedcorn beetles than the untreated control. We also observed more seedcorn beetles
in plots without the rye cover crop (28.3 percent increase).
Fungicide and Insecticide+fungicide seed treatments produced numerically
greater yield than untreated seed 50 percent of the time in both years, but differences
were not significant. This may indicate the importance of analyzing seed treatments on a
farm by farm basis. In 2018, soybean yields averaged 34 bushels/ha more than in 2017.
We attributed this significant increase in yield to cool and wet temperatures in the spring
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of 2017. In 2017, stand counts and yield were both significantly less than in 2018. This is
likely an indication that seed bed quality and germination may affect yield more than
seed treatment. These differences may also be attributable to an update in machinery
between 2017 and 2018. Although we did not see statistical differences between the yield
of combination and untreated plots, at current soybean (US$0.35/kg) and seed treatment
prices (US$37/ha), we observed positive economic impacts of soybean seed treatment. In
2017, the greatest yield difference between the combination treatment and the untreated
control was a 489kg/ha increase, which is approximately US$134 per hectare. In 2018,
the greatest difference between the combination and untreated control was 979 kg/ha. At
US$0.35/kg, this would result in a US$305 increase per hectare after seed treatment cost.
Untreated seed also had numerically greater yields than insecticide+fungicide seed
treatments in both 2017 and 2018. In 2017, the greatest difference between untreated seed
and insecticide+fungicide seed treatment was 348 kg/ha. In 2018, the greatest difference
in favor of untreated seed was 1,143kg/ha. These drastic yield differences in 2017 and
2018 may reiterate the need for farm by farm analysis of soybean seed treatments.
Results indicate that seed treatments can either be an asset or an unneeded expense.
Although seed treatments showed no significant effects on yield in this study, clearly,
they may affect the bottom line of a farm operation. This study showed some significant
differences in stand counts and root disease severity, yet no differences in yield. Stand
count and root disease severity data were both measured well within 40 days after
planting. This many suggest that seed treatment has an effect on stand, and disease
pressure. Bailey et al. (2015) suggests that soybean seed treatments dissipate after about
20-40 days. Perhaps the soybean plant has the ability to compensate yield for missing or
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diseased plants by the time yield is recorded in the fall. Overall, soybean seed treatment
efficacy was not consistently affected by tillage or cover crop systems.
In general, the results of this study suggest that the prophylactic use of insecticide
seed treatments is unwarranted. In addition, there seems to be no increased need for the
use of insecticide or fungicide seed treatments due to the inclusion of no-till and cover
crop practices when compared to conventional farming methods. These results suggest
that early season insect pests are sporadic in South Dakota. Future studies should evaluate
long term use of these treatments and to determine potential non-target effects on soil
dwelling insects and other arthropods.
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Table 1. 2017 stand countsa by tillage, cover crop, seeding rate and seed treatment.

Tillage

Cover Crop

Seeding Rateb

Stand Counts by Seed Treatments
Untreated

Conventional

Conventional

No-till

No-till

W/O

Rye

W/O

Rye

Fungicide

Combination

148,200

58,907±6,957

79,080±9,455

69,165±6,762

247,000

90,069±9,418

103,597±4,463

81,411±10,443

345,800

123,885±15,118 122,347±15,123

119,580±8,630

444,600

148,477±15,867 144,982±26,236

145,609±26,678

148,200

51,952±3,164

65,477±9,163

75,673±5,483

247,000

71,010±9,200

91,454±10,522

78,541±12,041

345,000

90,647±11,789b 124,500±11,194a 126,343±13,893a

444,600

129,379±11,794b 163,003±17,183ab 167,538±13,505a

148,200

67,322±9,549

78,005±6,920

78,902±7,750

247,000

103,288±9,847

117,122±10,455

125,115±9,751

345,800

149,554±17,275 129,828±12,305

159,597±14,770

444,600

174,031±17,514 182,476±16,976

172,507±13,893

148,200

86,341±6,009

247,000

132,876±5,233a 113,509±12,251ab 93,450±11,660b

345,800

193,359±20,209 178,297±12,802

190,798±20,160

444,600

157,892±23,109 206,040±28,444

213,648±12,752

75,315±11,544

86,611±5,342

a

Stand counts are represented as plants per hectare

b

Seeding rate is represented as seeds per hectare

c

Lowercase letters represent significance among treatments at a given seeding rate
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Table 2. 2018 stand countsa by tillage, cover crop, seeding rate and seed treatment.

Tillage

Cover Crop

Seeding Rateb

Stand Counts by Seed Treatments
Untreated

Conventional

Conventional

No-till

No-till

W/O

Rye

W/O

Rye

Fungicide

Combination

148,200

171,072±35,235 174,570±33,390

155,242±12,923

247,000

194,475±20,353 188,288±27,189

208,730±31,943

345,800

211,689±14,656 215,186±25,099

248,003±22,135

444,600

278,665±27,644 285,930±28,831

301,530±29,208

148,200

165,693±22,065 137,451±15,615

126,422±12,014

247,000

237,320±14,570 210,614±17,872

181,832±17,586

345,000

239,933±23,354 253,652±19,063

282,701±17,609

444,600

292,384±33,253 335,384±20,281

285,660±37,324

148,200

174,839±20,902 129,727±16,903

154,128±14,526

247,000

222,987±32,766 186,596±20,999

200,660±22,161

345,800

228,097±16,539b 225,676±36,882b 312,559±17,252a

444,600

275,440±36,406 299,379±30,704

286,735±36,195

148,200

191,823±38,202 140,140±17,881

187,930±24,783

247,000

211,153±12,655 192,860±19,200

236,705±18,415

345,800

296,034±30,655 255,534±26,429

281,587±22,463

444,600 323,049±18,624a 239,395±40,335b 271,134±32,072a

a

Stand counts are represented as plants per hectare

b

Seeding rate is represented as seeds per hectare

c

Lowercase letters represent significance among treatments at a given seeding rate
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Table 3. 2017 yielda by tillage, seeding rate and seed treatment.

Tillage

Conventionalb

No-tilla

Seeding Rateb

Yield by Seed Treatments
Untreated

Fungicide

Combination

148,200b

1,845±143

1,984±145

2,104±182

247,000b

1,931±168

2,079±182

2,198±149

345,800a

2,117±172

2,439±146

2,204±174

444,600a

2,510±156

2,430±145

2,580±158

148,200c

2,225±135

2,030±96

2,070±144

247,000bc

2,319±133

2,397±107

2,307±102

345,000ab 2,592±115

2,372±105

2,580±133

444,600a

2,596±145

2,780±96

2,671±97

a

Yields are represented as kilograms per hectare

b

Seeding rate is represented as seeds per hectare

c

Lowercase letters represent significance among treatments at a given seeding rate
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Table 4. 2018 yielda by tillage, seeding rate and seed treatment.

Tillage

Conventionalb

No-tilla

Seeding Rateb

Yield by Seed Treatments
Untreated

Fungicide

Combination

148,200b

3,295±250

3,459±262

3,303±226

247,000ab

3,750±281

3,668±189

3,661±326

345,800a

4,332±199

3,910±294

4,005±275

444,600a

4,237±245

3,883±299

4,282±247

148,200c

3,701±196

3,851±131

3,701±223

247,000bc

4,396±194

4,247±162

3,783±351

345,000ab

4,385±241

4,131±206

4,471±174

444,600a

4,587±161

4,708±164

4,475±176

a

Yields are represented as kilograms per hectare

b

Seeding rate is represented as seeds per hectare

c

Lowercase letters represent significance among treatments at a given seeding rate

50

Table 5. 2017 Disease severitya by tillage, cover crop, seeding rate and seed treatment.

Tillage

Conventional

Conventional

No-till

No-till

Cover Crop

W/O

Rye

W/O

Rye

Seeding Rateb

Disease Severity Rating
Untreated

Fungicide

Combination

148,200

21.1

17.4

17.4

247,000

15.4

19.3

20.1

345,800

17.6

18.6

14.4

444,600

18.3

19.3

16.5

148,200

21.1b

17.6ab

12.5a

247,000

22

16.4

16.4

345,000

17.4b

21.1b

11.5a

444,600

15.4

15.4

17.3

148,200

19.3

18.1

13.5

247,000

14.5

12.5

12.5

345,800

17.7

15.4

14.5

444,600

19.1b

16.4a

17.4ab

148,200

19.3

13.2

14.4

247,000

13.5

16.3

10.5

345,800

18.3

17.3

14.5

444,600

18.3b

12.5a

11.5a

a

Disease severity rating is represented as a root disease rating

b

Seeding rate is represented as seeds per hectare

c

Lowercase letters represent significance among treatments at a given seeding rate
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Table 6. 2018 Disease severitya by tillage, cover crop, seeding rate and seed treatment.

Tillage

Conventional

Conventional

No-till

No-till

Cover Crop

W/O

Rye

W/O

Rye

Seeding Rateb

Disease Severity Rating
Untreated

Fungicide

Combination

148,200

14.5a

16.4ab

21.1b

247,000

19.3

17.3

15.4

345,800

18.3

21.1

19.1

444,600

20.1

13.5

17.4

148,200

14.4

12.9

14.4

247,000

20.1

14.3

16.4

345,000

13.5

15.4

13.5

444,600

19.1

19.2

18.3

148,200

20.1

28.6

22

247,000

15.4

19.3

18.3

345,800

22

22

20.1

444,600

19.1

20.1

22

148,200

16.8

21.1

21

247,000

21.1

23

23

345,800

21.1b

17.3ab

14.4a

444,600

21.1

16.3

17.4

a

Disease severity rating is represented as a root disease rating

b

Seeding rate is represented as seeds per hectare

c

Lowercase letters represent significance among treatments at a given seeding rate
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Table 7. Insect Collectiona by tillage, cover crop, seeding rate and seed treatment.

Tillage

Cover Crop

Seeding Rateb

Insect

Treatments
Untreated

Conventional

Conventional

Conventional

Conventional

Rye

Rye

W/O

W/O

148,200

444,600

148,200

444,600

Combination

Seedcorn Beetle

427

372

White Grub

1

1

Wireworm

3

1

Bean Leaf Beetle

3

3

Seed corn Maggot

1

1

Corn Rootworm

2

1

Seedcorn Beetle

433

332

White Grub

4

0

Wireworm

3

1

Bean Leaf Beetle

1

0

Seed corn Maggot

1

1

Corn Rootworm

4

2

Seedcorn Beetle

546

550

White Grub

4

1

Wireworm

4

5

Bean Leaf Beetle

4

0

Seed corn Maggot

2

1

Corn Rootworm

1

3

Seedcorn Beetle

718

624

White Grub

3

4

Wireworm

1

2

Bean Leaf Beetle

4

0

Seed corn Maggot

4

2

Corn Rootworm

2

1
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No-till

No-till

No-till

No-till

Rye

Rye

W/O

W/O

148,200

444,600

148,200

444,600

Seedcorn Beetle

448

324

White Grub

1

0

Wireworm

6

5

Bean Leaf Beetle

1

0

Seed corn Maggot

2

1

Corn Rootworm

1

4

Seedcorn Beetle

725

408

White Grub

5

1

Wireworm

3

2

Bean Leaf Beetle

1

1

Seed corn Maggot

0

0

Corn Rootworm

1

2

Seedcorn Beetle

417

502

White Grub

2

1

Wireworm

4

5

Bean Leaf Beetle

1

2

Seed corn Maggot

4

1

Corn Rootworm

3

1

Seedcorn Beetle

587

415

White Grub

3

4

Wireworm

3

3

Bean Leaf Beetle

0

0

Seed corn Maggot

2

1

Corn Rootworm

0

2

a

Numbers below treatments represents number of insects collected

b

Seeding rate is represented as seeds per hectare

c

Insects collected are categorized by tillage, cover crop, and seeding rate
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CHAPTER 3. EVALUATING THE EFFICACY OF FOLIAR PYRETHROID
INSECTICIDES ON SOYBEAN APHIDS IN SOUTH DAKOTA
Abstract
Soybean aphids have been the most economically important insect pest of soybean in the
Midwestern United States since their discovery in 2000. Since then, routine management
of the soybean aphid has been achieved through the use of broad-spectrum foliar
insecticides. This is partially due to the limited available management options and
inexpensive insecticides. However, the repeated use of a single mode of action,
prophylactic applications and low rate applications are believed to be the primary factors
responsible for observed field failures of pyrethroid class insecticides in Iowa, Minnesota
and North Dakota. The objective of this study was to determine the efficacy of foliar
pyrethroid insecticides in South Dakota. To do this, a foliar insecticide trial was
established at three eastern South Dakota testing locations. At each location, eight
treatments were replicated using a randomized complete block design with six blocks.
Results indicate that insecticides containing pyrethroid active ingredients had reduced
efficacy of soybean aphid when compared to an untreated control. Our calculated
resistance ratio for these populations varied from 0 to .60. Results of this study indicate
that pyrethroid insecticide resistant soybean aphid populations are present in South
Dakota. This finding suggests that alternative methods for soybean aphid management
are necessary.
Keywords:
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In 2000, soybean aphids, Aphis glycines Matsumura, (Hemiptera: Aphididae)
were first confirmed in the United States in the state of Wisconsin (Hartman et al., 2001).
Since the initial discovery, the soybean aphid has been the most economically damaging
insect pest of soybean in the Midwestern U.S. and has been confirmed in twenty three
states and also three Canadian provinces (Ragsdale et al., 2011). Without proper
management, it is estimated that from 2000-2017 soybean aphids could have caused
approximately 7.02 billion dollars of economic loss (Song and Swinton, 2009). Through
direct feeding soybean aphids have the ability to reduce soybean yield by as much as
40% (Ragsdale et al., 2007; Ragsdale et al., 2011). Although each individual soybean
aphid likely has a limited impact on soybean health, a doubling of population
approximately every 6.8 days under field conditions allows them to reach very large
populations in a very short amount of time (McCornack et al., 2004). Although they are
capable of causing economic loss, actual yield reductions have been limited as soybean
aphids have been effectively managed through the use of broad-spectrum insecticides
(Olson et al., 2008; Ragsdale et al., 2011).
There are limited insecticide classes that are labeled for soybean aphid
management. In addition, the routine use of foliar insecticides indicates that an integrated
pest management approach is needed for soybean aphids. One of the main concerns
regarding the use of a single management tactic for insect management is the
development of resistance (Mengle and Casida, 1960). Insecticide resistance in soybean
aphid populations was first observed in 2015 when reports of insecticide failures for
soybean aphid management were documented in Minnesota (Hanson et al., 2017). In
2016, additional reports of insecticide failure for soybean aphid management were
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reported in Minnesota and also in Iowa. By 2017, Iowa, Minnesota, North Dakota and
South Dakota all had documented cases of insecticide failures for soybean aphid
management (Koch et al. 2017). In all cases, resistance was associated with pyrethroid
class insecticides, which in most cases contained the active ingredients bifenthrin or
lambda-cyhalothrin. To date, pyrethroid resistant soybean aphid populations have been
confirmed from one county in Iowa, nineteen counties in Minnesota, nine counties in
North Dakota and three counties in South Dakota (Hanson et al., 2017; Koch et al.,
2017).
After the initial discovery of pyrethroid resistant soybean aphids in Minnesota, it
was not unexpected that resistant populations would be discovered in neighboring states.
For instance, Schmidt et al. (2012) determined that alate soybean aphids have the
potential to travel up to 350 km. In addition, aphids exhibit, asexual reproduction of
approximately 15 generations during the soybean growing season, which could in theory
rapidly increase clonal populations of pyrethroid resistant soybean aphids (Ragsdale et
al., 2011; Tilmon et al., 2011). These factors may explain the rapid discovery of resistant
populations in states around Minnesota.
As previously mentioned, the primary method of soybean aphid management is
the use of broad-spectrum foliar insecticides. The classes of insecticides labeled for
soybean aphid management include pyrethroids, neonicotinoids, carbamates and
organophosphates (Varenhorst et al., 2019). Of these classes, pyrethroids have been one
of the most commonly used products, with only neonicotinoids having a greater market
value (Sparks and Nauen, 2015). Synthetic pyrethroids are inexpensive and readily
available. However, insect resistance management protocol dictates that a single
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insecticide should not be used repetitively to control an insect population. This is because
insects have demonstrated the ability to develop resistance when selection pressure is
exerted upon their populations. One mechanism of resistance is the ability of insects to
reduce insecticide penetration. The ability to slow insecticide penetration give the insect
more time to detoxify the chemical. Another mechanism is the ability to bind to
insecticide molecules. The insecticide is then transferred away from the target site
making it ineffective (Onstad, 2008). Finally, an additional mechanism is metabolic
resistance which allows resistant insects to metabolize insecticides faster than a
susceptible insect (Soderlund and Bloomquist, 1990).
The goal of insect resistance management is to incorporate the best management
strategies to manage pest populations all while slowing resistance (Mcgaughey and
Whalon, 1992). Onstad (2008) suggests four tenets of insect resistance management.
First, insect control must come from different management tools to ensure that the insect
isn’t selected for by a single management tool. Secondly, management tools (i.e., besides
insecticides) should be used in an alternating pattern (i.e., rotating within a year or across
years) to reduce the selection potential of a single mechanism. The third tenet is to mix
susceptible and resistant host organisms (i.e., resistant and susceptible host plants) in
order to slow resistance through the production of susceptible pests that have not
overcome the management strategy. The final tenet is the use of prediction models and
field scouting in order to predict insect resistance (Onstad, 2008). There are multiple
management tools that fit into insect resistance management. These include host plant
resistance, refuge plants or areas, natural enemies, monitoring resistance and alternating
the target site of insecticides (Bates et al., 2005). Refuge works by keeping susceptible
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insects in the insect population. Although there is evidence that host plant resistance is
effective against soybean aphids there is limited availability of this option (McCarville et
al., 2014; Varenhorst et al., 2015). Therefore, insecticides have almost solely been relied
upon for effective soybean aphid management.
Insect resistance management (IRM) and integrated pest management (IPM) both
aim to prevent insect populations from causing economic and environmental damage,
while reducing the risk of resistance (USDA 2018). As Hawkins (2019) explains,
continuous pesticide use speeds up insect evolution. The use of continuous insecticide
essentially creates a bottleneck effect, rapidly increasing resistant populations (Hawkins
et al., 2019). Pilcher (2001) evaluated the general themes of integrated pest management
from multiple studies in order to make a standardized model. The findings included
fourteen strategies that align with integrated pest management as a whole. Of the fourteen
strategies, the main five include scouting, following economic thresholds, using resistant
varieties, following pest reports and using application alternatives (Pilcher, 2001). It is
clear that there is overlap between the concepts of IRM and IPM.
To date, both strategies have been largely ignored for soybean aphid management.
For example, from 2000 to 2006, the application of foliar insecticides to soybean
increased by 130-fold and is directly related to the magnitude of soybean aphid
populations (Ragsdale et al., 2011). Although the classes of insecticides that were used to
manage soybean aphids worked effectively for 15 years, eventually poor stewardship of
their use (i.e., prophylactic treatments, repeated use of a single mode of action and low
application rates) resulted in the development of pyrethroid resistant soybean aphid
populations (Koch et al., 2017). Insects have the ability to detoxify insecticides or modify
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the target site (Brattsten et al., 1986). Historically, insects that are routinely managed
with a single strategy (i.e., insecticide) have an increased likelihood of overcoming the
management strategy (Mengle and Casida, 1960).
In 2017, pyrethroid resistant soybean aphid populations were observed in three
South Dakota counties. However, there is the potential for resistant populations to exist in
additional counties in South Dakota. In addition, evaluation of currently labeled
insecticides is necessary to determine the efficacy of products in order to provide
accurate management recommendations. The purpose of this study was to 1) preform an
efficacy study for the evaluation of insecticides and 2) determine the incidence of
pyrethroid resistant soybean aphids in South Dakota. The results of this study will inform
South Dakota stakeholders on the efficacy of foliar insecticides and also allow South
Dakota State University entomologists to develop and disseminate soybean aphid
management recommendations.
Materials and Methods
Foliar Efficacy Study
This study was conducted in 2017 and 2018 at the South Dakota State University
Volga Research Farm (Volga, SD), Northeast Research Farm (South Shore, SD), and
Southeast Research Farm (Beresford, SD). All plots were planted at 140,000 seeds per
acre using SD01-76, a soybean aphid susceptible line. Plots in 2017 were 3.05 m by 6.1
m in size and was planted using an ALMACO 4 row cone planter with 76.2 cm row
spacing (ALMACO Inc., Nevada, IA). Plots in 2018 were 3.05 m by 6.1 m in size and
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was planted using an ALMACO SeedPro Precision four row planter (ALMACO Inc.,
Nevada, IA) with 76.2 cm row spacing.
A total of 10 treatments were organized using a randomized complete block
design with six blocks. The treatments included: 1) untreated control; 2) zetacypermethrin [Hero® (3.75% zeta-cypermethrin, 11.25% bifenthrin), FMC Corporation,
Philadelphia, PA] at 153mL/ha; 3) lambda-cyhalothrin + chlorantraniliprole [Besiege®
(4.63% lambda-cyhalothrin, 9.26% chlorantraniliprole), Syngenta Crop Protection, Inc.,
Greensboro, NC] at 365mL/ha; 4) lambda-cyhalothrin [Warrior II® (22.8% lambdacyhalothrin), Syngenta Crop Protection, Inc., Greensboro, NC] at 70mL/ha; 5)
chlorpyrifos + bifenthrin [Tundra Supreme® (28.6% chlorpyrifos, 9.0% bifenthrin),
WinField United, Arden Hills, MN] at 1234mL/ha; 6) methomyl [Lannate® (29%
methomyl), DuPont., Johnston, IA] at 615mL/ha; 7) spirotetramat [Movento 240®
(22.4% spirotetramat), Bayer Crop Science., Pittsburgh, PA] at 454mL/ha; 8)
imidacloprid + beta-cyfluthrin [Leverage 360® (21% imidacloprid, 10.5% betacyfluthrin), Bayer Crop Science., Pittsburgh, PA] at 204mL/ha; 9) chlorpyrifos + lambdacyhalothrin [Cobalt Advanced® (28.12% chlorpyrifos, 1.44% lambda-cyhalothrin),
Corteva Agriscience, Wilmington, DE] at 1,095mL/ha; 10) lambda-cyhalothrin +
thiamethoxam [Endigo ZC® (9.48% lambda-cyhalothrin, 12.60% thiamethoxam),
Syngenta Crop Protection, Inc., Greensboro, NC] at 254mL/ha. Plots were sprayed using
a self-propelled plot sprayer with a four-row boom (i.e., 304 cm in width) equipped with
TeeJet 11002 nozzles (TeeJet technologies, Glendale Heights, Illinois). The sprayer
maintained a speed of 4.8 km/h with a spray volume of 0.07 cubic meter using 40 PSI.
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Soybean Aphid Counts
Plots were scouted for soybean aphids throughout the growing season. Once
soybean aphid populations were confirmed at each location, weekly counts were
performed. Soybean aphid populations were counted on ten randomly selected plants
from the middle two rows of each plot. Soybean aphid populations were considered at the
economic threshold when 80% of the scouted plants had an average of 250 soybean
aphids per plant (Ragsdale et al. 2007). If soybean aphid populations did not exceed the
economic threshold, insecticides were applied during the second week of August.
Soybean aphids were counted for one week after insecticide application in 2017 and for
three weeks after application in 2018.
Glass Vial Assays
During post application counts for both years, soybean aphid populations that
persisted in treated plots were collected and reared in the laboratory and then were tested
for pyrethroid resistance using a glass vial assay that was developed by Hanson et al.
(2017). Soybean aphid populations were reared in individual cages on SD01-76R
soybean plants. Once each soybean aphid colony was established and had reached
approximately 1,000 aphids per plant, they were tested using treated glass vials that were
obtained from the University of Minnesota. Briefly, each glass vial contained a specific
amount of acetone, bifenthrin (184 μg active per ml of acetone), or lambda-cyhalothrin
(198 μg active per ml of acetone) (Hanson et al. 2017). The vials were placed on a hotdog
roller, uncapped. Each solution evaporated on the glass vial and created an even
distribution throughout the vial with the acetone solution (Hanson et al. 2017). The
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procured vial assays contained an untreated glass vial, and the other glass vials each
containing the LD50 and LD99 of bifenthrin and lambda-cyhalothrin (i.e., five treatments
per glass vial assay). Each glass vial assay was replicated four times (Hanson et al., 2017)
using a randomized complete block design.
In the 2018 growing season the study was expanded to include aphid populations
from additional counties in South Dakota. Soybean aphids were collected from randomly
selected soybean fields from the following counties: Brookings, Codington, Clay,
Minnehaha, Union, Kingsbury, Lincoln, Hamlin, Moody, Clark, Miner, Lake, and
Roberts. For each collection site, soybean aphids were placed into a sealable plastic bag,
labeled, and placed into a cooler. Soybean aphids were then brought back to a greenhouse
at South Dakota State University where they were reared on SD01-76R soybean plants in
individually labeled cages. Each cage contained a flat with 10 (10 by 10 by 10 cm) pots
containing a single soybean plant. Each flat received 14-14-16 fertilizer (The Tessman’s
Co. Minneapolis, Minnesota) immediately after planting. The flats were placed into cages
that were 60 by 60 by 60 cm tents. Each cage was covered with additional ‘no-see-um’
nylon mesh (MegaView Science Co. Talchung., Taiwan). Each rearing tent contained
two flats (20 plants), and each flat received water twice a week. To reduce aphid
disturbance water was added to the flats and not to the individual pots. To reduce colony
contamination only one colony was visited by the same individual in a given day. The
greenhouse was maintained at a temperature and humidity of 27.15°C and 30.1% RH,
respectively throughout the rearing process. Soybean aphids were transferred to new
plants (V4-V5) using fine-tip (000) paint brushes. Transfer occurred when the plants of
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existing tent reached approximately the R2 growth stage or visible over population
occurred.
Statistical Analysis
To address the hypothesis for the foliar efficacy study, we determined the efficacy
of each insecticide by analyzing mean soybean aphid populations and yield. All data for
this study were analyzed using the PROC MIXED procedure with SAS software version
9.4 (SAS Institute, Cary, NC). Data was analyzed using an analysis of variance
(ANOVA) with the fixed effects of location, block, and treatment. Significant treatment
effects were separated using F-protected least-squares means test with a Tukey
adjustment at a significance level of P < 0.05.
Results
Foliar Efficacy Study.
During the 2017 growing season, soybean aphid populations did not exceed the
economic threshold at any of the spray trial locations. We determined that location
significantly affected soybean aphid populations (F= 339.40; df= 2, 134; P<.0001). Both
the Volga Research Farm (Volga, SD) (t=5.45; df=2, 136 P<0.0001) and Southeast
research farm (Beresford, SD) (t=5.72; df=2, 136 P<0.0001) showed significant
differences.
At the Volga Research Farm, the untreated control had significantly more soybean
aphids when compared to the bifenthrin (t=3.54; df=7, 35; P<0.0017), lambdacyhalothrin + chlorantraniliprole (t=4.11; df=7, 35; P<0.0004), lambda-cyhalothrin
(t=4.69; df=7, 35; P<0.0001), chlorpyrifos (t=3.39; df=7, 35; P<0.0024), methomyl
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(t=4.83; df=7, 35; P<0.0001) and imidacloprid + beta-cyfluthrin (t=4.34; df=7, 35;
P<0.0002) treatments (Fig. 1). Spirotetramat had significantly greater populations than
the lambda-cyhalothrin + chlorantraniliprole (t=2.73; df=7, 35; P<0.0118), lambdacyhalothrin (t=3.07; df=7, 35; P<0.0052), chlorpyrifos (t=2.49; df=7, 35; P<0.0203),
methomyl (t=3.21; df=7, 35; P<0.0038) and imidacloprid + beta-cyfluthrin (t=2.65;
df=7, 35; P<0.0140) treatments (Fig. 1).
Although the untreated control had the most soybean aphids, there were still
aphids present during post application counts in the treatment plots. At the Volga
Research Farm, mortality rates varied by treatment. The mortality rate for lambdacyhalothrin + chlorantraniliprole was 85%, lambda-cyhalothrin 53%, chlorpyrifos 98%,
methomyl 68% and imidacloprid + beta-cyfluthrin 33% (Fig. 4). Lambda-cyhalothrin
also only controlled 53 percent of aphid population present. Both pyrethroid class
insecticides alone struggled to manage soybean aphids at the Volga research farm.
At the Southeast Research Farm the untreated control had significantly more
soybean aphids when compared to the bifenthrin (t=6.34; df=7, 35; P<0.0001), lambdacyhalothrin +chlorantraniliprole (t=6.64; df=7, 35; P<0.0001), lambda-cyhalothrin
(t=4.35; df=7, 35; P<0.0001), chlorpyrifos (t=7.19; df=7, 35; P<0.0001), methomyl
(t=6.03; df=7, 35; P<0.0001), spirotetramat (t=3.36; df=7, 35; P<0.0019) and
imidacloprid +lambda-cyhalothrin (t=7.19; df=7, 35; P<0.0001) treatments (Fig. ).
The lambda-cyhalothrin treatment had significantly more soybean aphids than the
lambda-cyhalothrin + chlorantraniliprole (t=2.29; df=7, 35; P<0.0279), chlorpyrifos
(t=2.84; df=7, 35; P<0.0075), and imidacloprid + beta-cyfluthrin (t=2.84; df=7, 35;
P<0.0075) treatments (Fig. 3). Spirotetramat had significantly more soybean aphids when
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compared to the bifenthrin (t=2.98; df=7, 35; P<0.0052), lambda-cyhalothrin +
chlorantraniliprole (t=3.28; df=7, 35; P<0.0024), chlorpyrifos (t=3.83; df=7, 35;
P<0.0005), methomyl (t=2.67; df=7, 35; P<0.0114) and imidacloprid + beta-cyfluthrin
(t=3.83; df=7, 35; P<0.0005) treatments (Fig. 2). There was no significant difference in
soybean aphid populations between the spirotetramat and lambda-cyhalothrin treatments
(Fig. 2).
At the Southeast research farm, the mortality rates were bifenthrin 84%, lambdacyhalothrin + chlorantraniliprole 86%, lambda-cyhalothrin 22%, chlorpyrifos 99%,
methomyl 78%, spirotetramat 36% and imidacloprid + beta-cyfluthrin had 98% (Fig. 6).
The lower mortality rates of the pyrethroid class insecticides suggested reduced efficacy
of the products.
During the 2018 growing season location was significant (F=143.84; df= 2, 149;
P<0.0001). The Volga Research Farm had significantly greater soybean aphid
populations than the Northeast Research Farm (t=15.17; df=2, 149; P<0.0001) and the
Southeast Research Farm (t=14.87; df=2, 149; P<0.0001) resulted in significantly
different aphid count data.
At the Volga Research Farm, the untreated control had significantly more soybean
aphids than the imidacloprid + beta-cyfluthrin (t=2.96; df=9, 45; P<0.0062), lambdacyhalothrin +thiamethoxam (t=3.50; df=9, 45; P<0.0016), chlorpyrifos + lambdacyhalothrin (t=2.35; df=9, 45; P<0.0267), chlorpyrifos (t=4.00; df=9, 45; P<0.0004) and
lambda-cyhalothrin + chlorantraniliprole (t=2.18; df=9, 45; P<0.0376) treatments (Fig.
5). The untreated plots showed no differences compared to methomyl, spirotetramat,
lambda-cyhalothrin, or bifenthrin (Fig. 5). The spirotetramat treatment had significantly
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more soybean aphids when compared to the imidacloprid + beta-cyfluthrin (t=2.29; df=9,
45; P<0.0301), lambda-cyhalothrin +thiamethoxam (t=2.89; df=9, 45; P<0.0074) and
chlorpyrifos (t=3.47; df=9, 45; P<0.0017) treatments (Fig. 5). The lambda-cyhalothrin
treatment had significantly more soybean aphids when compared to the lambdacyhalothrin + thiamethoxam (t=2.34; df=9, 45; P<0.0267) and chlorpyrifos (t=3.00;
df=9, 45; P<0.0056) treatments (Fig. 6). Finally, the bifenthrin (t=2.45; df=9, 45;
P<0.0207) and lambda-cyhalothrin + chlorantraniliprole (t=2.33; df=9, 45; P<0.0271)
had significantly greater soybean aphid populations when compared to the chlorpyrifos
treatment (Fig. 5).
Glass Vial Assay.
Vial assays were completed to confirm field study observations of pyrethroid
resistance in South Dakota in 2017. A corrected mortality rate of <.95 was considered
resistant to pyrethroid class insecticide (Hanson et al., 2017). In 2017, there were
observed mortality rates of (33%) for lambda-cyhalothrin at Volga Research Farm and
(33%) using bifenthrin (Koch et al., 2018).
In 2018, we tested additional counties in South Dakota to determine the extent of
pyrethroid resistance. Mortality rates of lambda-cyhalothrin were examined for the
following counties: Minnehaha 92.5%, Union 92.5%, Kingsbury 65%, Hamlin 82.5% and
Moody 82.5%. There were also counties that didn’t show resistance to lambdacyhalothrin, they included: Lincoln 97.5%, Clark 95%, Minor 95%, Lake 97.5% and
Roberts 95% (Fig. 7). Soybean aphid colonies were also tested for bifenthrin resistance.
The results indicated that mortality was reduced in the following counties: Minnehaha
70%, Union 80%, Kingsbury 40%, Lincoln 90%, Hamlin 92.5%, Moody 92.5%, Clark
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80%, Lake 85% and Roberts 90% county, while the only county susceptible to bifenthrin
was Minor County 97.5% (Fig. 7).
Discussion
The results of the field study and vial assays indicate that pyrethroid resistant
soybean aphids are present in South Dakota. These findings are in agreement with Koch et
al. (2018), which indicated that three counties in South Dakota had pyrethroid resistant
soybean aphid populations. Although the majority of the counties that were sampled had
mortality rates under 95% (i.e., level at which resistance is considered present) there were
counties with soybean aphid populations that appeared to still be susceptible to pyrethroid
class insecticides. These findings suggest that pyrethroid resistance is not present in all of
the soybean aphid populations that are observed throughout a growing season.
The presence of pyrethroid resistance at all three South Dakota State University
Research Farms may be an indicator of resistance hotspots. For example, at all three
locations, treatments containing lambda-cyhalothrin or bifenthrin had soybean aphid
populations present after application (Figures 1-3). Glass vial assay testing confirmed the
presence of pyrethroid resistance soybean aphids at all three locations in 2017. Of the tested
active ingredients, chlorpyrifos had the best efficacy. However, the current evaluation and
potential removal of the label for products containing chlorpyrifos could have detrimental
impacts for future soybean aphid management. Pyrethroid combination treatments also
performed well at all three locations. Koch et al. (2018b) discuss how tank or pre-mix
insecticides can provide additional control of soybean aphids. However, the reliance for
management is likely still falling on a single mode of action (i.e., one is not effective).
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After soybean aphids were found to be present in post-application counts in 2017,
vial assays were acquired to confirm pyrethroid resistance. Results indicate that all three
locations have pyrethroid resistant soybean aphids present. Due to the prevalence of
pyrethroid soybean aphid populations, we expanded the 2018 study. In order to give solid
recommendations on soybean aphid management, we needed to expand further to cover
more of the soybean production areas in South Dakota. A total of 17 counties between 2017
and 2018 were collected for testing. In 2018, aphids were randomly collected from soybean
fields in different counties throughout eastern South Dakota. Brookings county produced
the highest rate of pyrethroid resistance. Interestingly, Kingsbury county indicated the
second highest resistance. Brookings and Kingsbury are adjacent to one another, this may
indicate the rapid movement of pyrethroid resistant aphids. In the lambda-cyhalothrin tests
Kingsbury, Union, Minnehaha, Hamlin, Moody, Clay, Codington, Roberts and Brookings
county all showed resistant colonies. Lincoln, Clark, Miner, Roberts and Lake county
populations were not characterized as resistant to lambda-cyhalothrin. Soybean aphid
colonies were also tested for bifenthrin resistance. Minnehaha, Union, Kingsbury, Lincoln,
Clark, Lake, Hamlin, Moody and Roberts county all displayed bifenthrin resistant soybean
aphid colonies. Miner county did not reveal bifenthrin resistant populations. Overall,
pyrethroid resistance is widespread throughout the state of South Dakota. With the
widespread failures of pyrethroids are occurring, alternating insecticide modes of action
will likely be more effective than pyrethroid chemicals. Also, results indicate the use of
pyrethroid combined with other chemistries is more effective than a pyrethroid alone.
Biological control and resistant plant varieties are also available.
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Future studies should evaluate the potential for other classes of insecticides to
provide effective soybean aphid management. In addition, there needs to be an industry
wide effort to reduce the use of pyrethroid applications for soybean aphid management.
Future research should also evaluate the pyrethroid resistance after pyrethroid insecticide
use is stopped.
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Figure 1. 2017 Volga spray trial
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Figure 2. 2017 Beresford spray trial
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Figure 3. 2017 South Shore spray trial
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Figure 4. 2017 spray trial mortality rating
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Figure 5. 2018 Volga spray trial data
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Figure 6. 2018 spray trial mortality rating
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Figure 7. 2018 vial assay

*- Represents pyrethroid resistant counties
Letters represent differences in efficacy by insecticide
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CHAPTER 4: GENERAL CONCLUSIONS
Soybean aphids continue to be a prolific soybean pest. Insecticide resistant
soybean aphids will continue to evolve and challenge soybean management tactics.
Through the use of insect pest management and insect resistance management, we can
slow the selection pressure soybean aphids face. Continued use of singular insecticide
groups could lead to insect resistance of more insecticide groups. Management tactics are
narrowing which could cause even more selection pressure if soybean aphid management
is practiced poorly. Pyrethroid resistant soybean aphids are widespread throughout South
Dakota. Few counties in the state of South Dakota still have pyrethroid susceptible
soybean aphid populations. With that being said, insecticide usage should be applied only
when necessary. Insecticide alternatives such as host plant resistance, biological, and
cultural control should be considered before the use of insecticides. Insecticides have an
important use in the control of insect pests, yet prophylactic use of insecticides is
detrimental to the longevity of insecticide groups.
Seed treatment efficacy has been evaluated countless times and consistent
advantages or disadvantages are often lacking. Seed treatments tend to offer partial
results, which leads to the prophylactic use of seed treatment. A fungicide+insecticide
seed treatment costs approx. $15 an acre which can affect the bottom line of an operation.
Looking at this study, seed treatment seems to improve the stand and root disease
severity of soybean plants. Although early season benefits are observed, yield does not
always correlate. Soybeans seem to have the ability to compensate yield for the loss of
plants. This would suggest that seed treatment usage year after year may be
counterproductive.
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Cover crop usage is increasing throughout the Midwest. Few studies have
evaluated the impacts of cover crops on seed treatment efficacy. Even fewer studies have
evaluated the effects of tillage, cover crops, and seeding rate on the efficacy of seed
treatments. We found that an established no-till system had significantly greater yield
than a conventional tillage field. We also found that more insect feeding occurs in
untreated seed compared to insecticide+fungicide seed treatment. Although our yield data
and insect feeding was not statistically significant. Economic and numerical differences
can influence a producers operation as well as increase or decrease a profit line.
Future research in soybean aphid should be geared toward identifying the
mechanisms of resistance, along with producing management recommendations that will
decrease the further advance of insecticide resistance.
Seed treatment efficacy is inconsistent throughout the Midwest, yet, many use
seed treatments as an early season seed insurance. This study suggests that tillage, cover
crops, and seeding rate combined with seed treatments can influence soybean yield
drastically. The drastic yield advantages or disadvantages of seed treatment may
emphasis the need for farm by farm analysis of soybean seed treatment. State wide
recommendations of soybean seed treatment seems implausible as each and every field
may have factors that influence seed treatment efficacy (Soil type, organic matter, insect
pressure, previous crop, precipitation, etc.).
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